The paper presents a decision support system (DSS) for managing and using recreational beaches.
INTRODUCTION
To prevent or reduce the burden of water-borne illness and injury related to recreational water use at public beaches, beach managers are generally required to monitor beach water quality and to issue swimming advisories when water quality standards are violated. The main problem with the current beach management practice is that levels of water quality indicators like enterococci (ENT) may change between the time of sampling and reporting of results because current analysis methods commonly require an incubation step of hours. This incubation step makes protective actions such as preemptive beach closures impossible. This time lag of 24-48 hours can lead to beach advisories and closures that cause unwarranted loss of valuable recreation access or to permit swimming when conditions present an unacceptable level of risk (Zhang et al. ) . People swimming during the time between sample collection and test results may be unnecessarily exposed to microbial pollutants at peak contamination times.
In order to address the problem in current beach monitoring programs and to manage and use beaches in a more effective and efficient way, increasing efforts have been made in developing decision support systems (DSSs) for beach water quality management with emphasis on the development of predictive models for enterococci ( 
).
In spite of the efforts, there is a gap between the existing models and the practical need for managing and using recreational beaches due to the lack of a simple yet effective decision support tool for recreational beaches.
The primary objective of this study is to fill the gap by developing a web-enabled and user-friendly DSS, called Holly Beach Watch, for beachgoers and beach managers.
The DSS consists of (1) a near real-time water quality monitoring and data management system for coastal beaches,
(2) a MLR model for predicting enterococci counts, and
(3) a web-enabled Geographic Information System (GIS) platform for displaying beach water quality conditions, as shown in Figure 1 .
MATERIALS AND METHODS

Study area
Holly Beach is one of the two most attractive beaches in Louisiana, USA and is the best among the west Louisiana (1) and (4) can be found in Haupt & Haupt (, page 34) . Regardless of which criterion is chosen, the software ranks and records the 10 best models in terms of that criterion, as shown in Figure 4 . The selected MLR model for the Holly Beach involves seven environmental parameters or predictors, including salinity (SAL), wind speed type (WSTy), tide type (TdHNLOrd), wind direction (WDTyOnShore), rainfall 3 days before (RFlag3), rainfall in last 48 hours (RF48), and tidal water level (OWL), as shown in Equation (1):
where Ln ( 
GIS platform for beach water quality management and use
A web-enabled GIS platform, called Holly Beach Watch, is constructed using ArcView GIS and ArcIMS. The web GIS system is designed for beach managers to issue advisories (Advisory in red color or No Advisory in green color) via the 'Model' page, beach visitors to check whether the current beach water quality is good for swimming on the 'Nowcast' page, and beachgoers to better plan for their beach holidays based on the forecasted beach water quality on the 'Forecasting' page, as shown in The 'Forecasting' page shows forecasted beach water quality information (Advisory or No Advisory) for the next 1-3 days, as shown in Figure 9 . The user can easily find the Advisory or No Advisory information on the calendar for the next 1-3 days. Therefore, the forecasting function changes the decision-making time from current 2-3 days behind to 1-3 days ahead of actual use of beaches. Use of the forecasting function will also allow beachgoers to be able to better plan for their beach holidays and beach management agencies to reduce the number of sampling sites and staff time, while expanding coverage of their public health protection program. levels. It should be pointed out that the best model from the model development is not necessarily the best model in terms of prediction of the independent data, as shown in Table 1 . In fact, Equation (1) is ranked as the third best model in terms of its performance in the pointed out that there are essentially two types of decisions to make on beach water quality management:
RESULTS AND DISCUSSION
(1) advisory (indicated with red color) and (2) no advisory (indicated with green color), as shown in More efforts will be made in future to further improve the DSS. More specifically, the 'Model Calculator' in 
CONCLUSIONS
The paper presents a DSS for beach water quality management. The DSS consists of (1) a sensor-assisted water Figure 9 | The 'Forecasting' interface showing whether the forecasted water quality at the Holly Beach is safe (No Advisory) or not (Advisory) for the next 1-3 days. For instance, the calendar shows that there is No Advisory for the current day (October 26, 2012) but Advisory is issued or forecasted for the next 3 days (October 27, 28, and 29). The beachgoers can obtain the beach water quality information at their fingertips by simply clicking the 'Forecasting' on the Holly Beach Watch homepage. 
